Abstract: Solution-casting technique was employed for the preparation of solid polymer electrolyte based polyethylene oxide (PEO) with 0, 1, 3 and 5 weight percentage cobalt chloride (CoCl2) films were characterized by X-ray Diffractometry (XRD), Differrential Scanning Calorimetry (DSC), Scanning Electron Microscope (SEM) and Ultra VioletVisible (UV-Vis.) Spectroscopy methods. The optical band gaps, absorption band edges and Urbach energy shows decrease with increasing of Co +2 ion concentration in the polymer matrix because of the formation of free radicals or cluster. The Thermogravimetry (TG) and Derivative Thermogravimetry (DTG) were used to examine the thermal stability of the film and it was found that the stability of the complexes is higher than that of the pure PEO due to the addition of CoCl2. The wavelength position of a fluorescence emission band varied by increasing of a dopant wt % of salt.
INTRODUCTION
Solid polymer electrolytes (SPEs) has emerged as an important optical material in fabrication of optoelectronics device and promising photonic material for potential applications [1] . On structural, thermal, electrical, and optical properties of polymers have attracted much attention due to their applications in optical devices, solid-state batteries and other energy storage devices. The optical properties have been studied with the aim of achieving better reflection, antireflection, interference and polarization properties in modified polymer, the modification should depend upon the type of dopant and its chemical reactivity with the host matrix. The modified polymer may affect the induced optical absorption due to several reasons, namely, the polarization power of network formers, coordination numbers, concentration of non-bridging oxygen (oxygen ions having dangling bonds), as well as the presence of multivalent network forming and modifying ions [2] [3] [4] .
The optical absorption can be comprehended mainly change in the shape of absorption and the shift of the absorption edge is very useful to understand the basic mechanism of inter band electron transition whenever material has been undergoes induced transitions between sub energy levels of existing band, which narrate information about the energy band structure. Although a number of works were devoted to the optical properties of doped polymer electrolyte films [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Moreover, polymers with high refractive index are very useful in optics and photonics due to their stirred at room temperature for ~5 hours to get a homogeneous solution. The solution was then poured into the polypropylene dishes and evaporated slowly at 303K. PEO films doped with mass fractions 0%, 1%, 3% and 5% of CoCl 2 were prepared. The dopant weight percentage concentration W(wt%) was calculated from the equation:
Where, W p and W f represent the weight of dopant and polymer, respectively. Further, viscous solution was poured into poly propylene dishes and allowed to evaporate slowly at room temperature to obtain freestanding. The films were dried in oven 40 o C for 1hour to remove residual solvent from films and stored in highly evacuated desiccators to avoid moisture absorption.
Characterization Techniques
The films were recorded the XRD patterns using the Cu K ( = 1.54178 Å) radiation from the Rigaku Miniflex 600-bench top X-ray diffractometer ( C. The mass of the sample was kept in 5-8mg and aluminium pans used to empty pan were weighed to a mass of 0.002 mg. The surface morphology of the films was characterized by SEM (JEOL Model JSM -6390LV EDS Make JEOL Model JED -2300, JEOL USA, Inc. in vacuum modes and specimen holder size is 10mm diameter). Fluorescence measurement was taken with the help of Hitachi Fluorescence Spectrophotometer F-7000 (Hitachi High-Technologies Corporation, Japan) with a Xenon lamp as light source at exciting region of 200-220nm. Figure 1 shows the XRD patterns of PEO and doped polymer electrolytes and the calculated parameters are presented in Table 1 These changes can be exactly correlated by means of chemical interaction between the oxygen of ether group and Co + ions [5] . The diffraction peaks tend to show variations in intensity as well as broadening for all doped films. It is interesting to note from figure that as the content of the CoCl 2 is increased from 1 to 5 wt%, the value of the full-width half maximum (FWHM) was found to decrease from 0.58 to 0.38 (2 = 19°) 
RESULTS AND DISCUSSION

XRD Analysis
where is the FWHM of the peak (in radian) = 1.54178 Å nm is the wavelength of the X-ray radiation used, and k is the shape factor whose value is equal to 0.9, assuming k = 0.9 in the equation (2) . The average inter-chain separation is calculated using the following equation (Alexander, 1969) :
The changes in the relative degree of crystallinity value of may be calculated as follows.
where A c and A a are the area of crystalline and amorphous region respectively. The variation in crystallite size (L), average inter-chain separation (R) and degree of crystallinity (X c ) is shown in Table 1 .
As increasing the doping concentration the L, R and X c are observed decreases. These results are clearly noticed that decrease in the degree of crystallinity and increase the amorphous region. These results are well agreed with reported values that the decrease in crystalline is attributed to the degradation of the polymer chains (Shaheer Akhtar, 2010) and similar supportive confirmation from SEM and DSC results. Finally, XRD results suggesting an increase in the amorphous nature of the polymer matrix and decreasing of crystallinity. 
Morphology Study
The scanning electron microscope (SEM) microphotographs of doped PEO films at different concentration are shown in Figure 2 (a, b, c & d). The surface morphology was significantly changed with the dopant represents compatibility between the polymer and dopant. The morphology of pure PEO in Figure 2a film shows a large spherulite with a rough surface as reported [20] .
The doped films dispersed white spot shows on the spherulite surface and deep cracks with rough surface as shown in Figure 2b . As the cobalt chloride content increases up to 3 wt%; it is interesting to note that the population of white spots becomes increases as well as reduce their size; crack depth reduces as shown in Figure 2c . In the case of 5wt% Figure 2d , the number of white spots increases, but their spherulite nature is not clearly visible subsequently surface becomes smooth compared to PCL1. These changes clearly suggest aggregation of the cobalt chloride in the host polymeric matrix. The SEM results well correlate with the obtained XRD, so finally conclude that the material undergoes a phase change from crystalline to amorphous is good agreed with the reported results [21] [22] [23] [24] .
UV-Visible Absorption Study
One of the most direct and simplest methods for probing the electron inter-intra band transition of materials can be by studying optical absorption. In the absorption process, a photon of known energy excites an electron from a lower energy state to a higher one. The optical relative parameters such as absorption edge, optical band gaps, activation energy and other parameters were estimated using this data [25] . The spectra of PEO and doped PEO with different cobalt chloride salt concentrations are shown in Figure 3 . In the UV region, maximum absorption is found at 194nm for PEO has shifted to higher wavelength 245nm (red shift) for 5% of CoCl 2 [26] and the intensity of the bands also increases with the increasing CoCl 2 content.
The optical absorption in the UV region exhibits a blue shift 685 645nm which is characteristic of the octahedral structure Co 2+ in the polymer matrix. The blue shift transition originates from the fact that the solvent molecules are oriented around the solute molecules to fit with the ground state charge distribution of the solute molecules. On excitation, if the charge distribution changed markedly n * transitions, the solvent molecule would not have the position and orientation to bind with the excited state charge distribution. This absorption distortion is found to decrease gradually with increasing CoCl 2 content which may provide proper tendency to local order in the amorphous polymer structure (El-Shahawy, 1993). Thus, the octahedron is expected to become more symmetric due to the contraction effect of the interactions. Another tail band observed in the range of 685-645nm indicates the presence of Co 2+ in proper coordination within the polymer matrix is good agreed with reported results by Nassar and Abbas (1981) . The red shift absorption in the ultraviolet region and blue shift in the visible region sign of the creations of free radicals or ions as a result charge mobility is more significant, hence optical band gaps decrease conversely conductivity became high. Absorption is expressed in terms of the coefficient ( ), which is defined as the relative decrease rate in light intensity. The absorption coefficient ( ) was obtained from the absorbance (A). After correction for reflection ( ) can be calculated using Beer Lambert's formula:
Thus,
where, x is the thickness of the sample; I 0 and I are the incident and transmitted intensities, respectively.
where, A is the absorbance and d is the film thickness. The absorption edges were obtained by extrapolating the linear portions of the curves to zero absorption value. It was observed that the absorption edge of PEO lies at 5.30eV and 4.67, 4.73, and 4.55eV for PEO, 1, 3, and 5 wt% CoCl 2 , respectively and is also cited in Table 2 [27] [28] [29] [30] . Furthermore, the fundamental absorption manifests itself by a rapid rise in absorption known as absorption edge, which can be used to determine the optical band gap. Insulators/ semiconductors are generally classified into two types: (a) direct band gap, and (b) indirect band gap. In direct band gap semiconductors, the top of the valence band and the bottom of the conduction band on the lie same zero crystal momentum (wave vector). If the bottom of the conduction band does not correspond to the zero crystal momentum, it is called the indirect band gap semiconductor. In the indirect band gap, materials transition from valence to conduction band should always be associated with a phonon of the right magnitude of crystal momentum. Davis and Shalliday [31] reported that near the fundamental band edge, both direct and indirect transitions occur and can be observed by plotting 1/2 and 2 as a function of energy (h ). The analysis of Thutpalli and Tomlin [32] is based on Eqs. (7) and (8):
where, h is the photon energy, E gd is the direct band gap, E gi is the indirect band gap, n is the refractive index, is the absorption coefficient, and C 1 , C 2 are constants. These expressions can be applied to both direct and indirect transitions and are helpful in the determination of the band structure of materials.
When a direct band gap exists, the absorption coefficient has to subsequently depend on the energy of the incident photon [33] .
( h ) = C(h E g ) 1/2 (9) where E g is the band gap, C is a constant dependent on the specimen structure, is the absorption coefficient, is the frequency of the incident light, and h is Planck's constant.
The optical band gaps were evaluated from ( h ) 2 and ( h ) 1/2 vs. h (photon energy) plots and the allowed direct transition energies were determined by extrapolating the linear portion of the curves to zero absorption as shown in Figure 4a and b. For indirect transitions, which require photon assistance, the absorption coefficient has to subsequently depend on the photon energy:
where, E p is the energy of the photon associated with the transition and A and B are constants depending on the band structure. It is seen that optical band gaps (direct and indirect) decrease with increasing dopant weight percentage and the estimated values are cited in Table 2 . These results suggest the creation of defects, disorder and/or carbon-enriched clusters due to the partial evaluation of hydrogen molecules and the formation of clusters. It can also interpret the presence of defects lead to the formation of sub-energy levels within the existing states.
To confirm this argument further, another optical parameter like activation energy was estimated using the Urbach rule, the absorption coefficient ( ) is described by the Urbach formula [34] .
( 1 1 ) where, o is a constant and E is the energy gap tail, which is interpreted as the width of the tail of the localized state of the forbidden band gap [35] .
The Urbach formula in Eq. (11) was used to calculate the width of the Urbach tail of the localized states due to the defect levels in the transition gap [36] . The Urbach energy and optical band gaps show decreases with dopant weight percentage because of the structural disorder. These structural disorders produce more charge density as a result increase in the conductivity. The optical band gap (direct and indirect) and absorption edges as a function of wt% of CoCl 2 as shown in Figure 5 . It is seen that band gaps and absorption edge are found to decrease due to the effect of the dopant concentration. 
Carbonaceous Cluster
There is a degradation or destruction of the polymer due to chain scission and cross linking. The number of carbon atoms (N) in a cluster is correlated with the optical energy band gap (E g ) determined by the Robertson relation (Robertson and O'Reilly, 1987 ):
( 1 2 ) where, 2 gives the band structure energy of a pair of adjacent sites. The value of is taken to be ~2.9eV for six numbered carbon rings as it is associated with the * optical transition in the C=C structure [37] . The Robertson relation can be used to calculate the number of carbon atoms per cluster.
( 1 3 ) where, N is the number of carbon atoms per conjugation length for PEO and doped polymer electrolytes.
From the table it is seen that the number of carbon atoms in the cluster increases with the increasing dopant is attributed to the breakage of energetic electrons, i.e. C-H bond as a result release of hydrogen [38] . Thus, it can be inferred that any change in the optical properties of the polymers is basically due to the electron energy loss [39] . This is confirmed from the obtained FT-IR result.
Differential Scanning Calorimetry (DSC) Study
DSC measurement was used to determine the melting temperature (T m ), glass transition temperature (T g ), and relative crystallinity (X c ) of polymer electrolytes. Figure 6 shows the sharp endothermic peak observed that was assigned to the melting temperature of PEO at 67 o C have been decreased to 54.4 o C for 5 wt%. The decrease in T m might be related to a decrease in the crystallinity of the film. The endothermic curves also indicate a reduction in PEO crystallinity. The study of the degree of crystallinity is very significant one to understand the change in the thermal characteristics induced by CoCl 2 . The relative percentage of crystallinity X c has been calculated using Equation (14) .
where H m and H 0 m are the enthalpy of melting of the sample and the enthalpy of melting of a 100% pure crystalline PEO, respectively. H 0 m = 220.81 J/g [40] . The values of T g , Tm, H m and X c are summarized in Table 3 .
The degree of crystallinity of the polymer electrolyte decreases with wt% of the salt, which causes an increase in the amorphous phase. It means the polymeric chains are more flexible in the amorphous phase as a result of the enhancement of segmental motion, thus raising the conductivity. The reduction of T m and X c suggests that the interaction between the polymer host backbone and CoCl 2 affects the main chain dynamics of the polymer. This is due to the interaction between the oxygen group of ether units of PEO and Co 2+ ions, where Co 2+ ions interrupt the packing of PEO molecules and decrease the degree of crystallinity. Table 3 shows the variation of melting enthalpy and the degree of crystallinity as a function of the doping levels. Apparently, the value of melting enthalpy decreases gradually with increasing CoCl 2 content, indicating a decrease in crystallinity. All the results indicate that CoCl 2 is dispersed in the crystalline regions of the bulk of PEO matrix which undergo alteration in the crystalline arrangement of the PEO as a result increase in the amorphous region. These results are well agreed with the XRD result [41] . The glass transition temperature (T g ) involves the freezing of large scale molecular motion without change in the structure at which the glassy phase of the sample becomes a rubbery amorphous phase upon heating. The variation of T g may be concerned with the mobility of the polymer chain, for lower T g usually leads to easier chain relaxation. In PEO-based polymeric electrolytes; cobalt ion promote the conduction by segmental motion in the amorphous phase and the corresponding T g values are cited in Table 3 . A polymer electrolyte with low T g always implies fast ion conduction [42] .
Thermo Gravimetric Analysis (TGA) / Differential Thermogram (DTG) Studies
This study gives the thermal stability, phase transitions and crystallization of the polymer electrolytes was employed using TGA-DTG, it traces of all the polymer electrolyte films are shown in Figure 7 (a-d).
Fluorescence Spectra
This study gives the strong emission at particular wavelength of material and Figure 8 (a-d) gives the fluorescence emission spectra of PEO and PCL films. For PEO shows broad emission in the range of 250-500nm with a peak at 359nm in Figure 8a .
In general, the excitation of PEO and PEO doped in the range of 210-236nm, for 1% CoCl 2 the broad emission of 250-446nm with peaks at 350, 367, and 485nm in Figure 8b and with 3% CoCl 2 broad emission of 260-446nm with a peak at 351 and 475nm in Figure  8c . PEO doped with 5% CoCl 2 broad emission of 250-446nm with a peak at 352,371 and 390nm in Figure 8d . Since the intrinsic PEO polymer has no fluorescence, according to the excitonic luminous mechanism, we conclude that the luminescence comes from the electronic transition between exciton band (produced due to the doping) and valence band [43] . Obviously, the PEO molecule synthesized has conjugated transitions; moreover, the rigidity and co planarity of the PEO molecule has been improved. As the salt concentration increases the intensity of the fluorescence spectra also increases suggesting that transition is dominating it may suitable for some potential applications in organic optoelectronics.
CONCLUSIONS
Polymer electrolytes PEO:CoCl 2 with different compositions has been prepared using the solution cast technique. SEM results are well correlated; phase change from crystalline to amorphous as well agrees with the obtained XRD. The optical absorption showed a blue (hypsochromic, n * transition) shift towards the intensive region of the solar spectra in the visible range. Optical absorption edge and optical band gaps (direct and indirect) showed a decreasing trend with increased concentration of the dopant. These data suggest that the present electrolyte system is a worthy candidate for electrochemical device applications.
DSC measurements affirm that doping of CoCl 2 into PEO polymer electrolyte could suppress the crystallinity of polymer electrolyte and enhanced the amorphous reason. TGA-DTG analysis suggests that the thermal stability of the composites is higher than that of the PEO. This enhanced thermal stability of the composites has also ascribed to the interaction between PEO and CoCl 2 . With these attractive properties have many potential applications in various fields. Thus, it can be infer that the introduction of ether backbone to other precursor polymer would significantly improve the film-forming properties and hold promise for the design of a new generation of optoelectronic materials, applications in optical devices, solid-state batteries and other energy storage.
